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Motivation

o Efficient operation of fluidized bed pyrolysis
reactors highly dependent on both mixing and
residence fime of biomass parficles in the reactor

- Greater mixing enhances heat transfer to biomass,
Increasing devolatilization rate

- Residence time must be sufficiently long for complete
devolatilization, while reducing accumulation of char

* Mixing and residence times can be tuned by
varying operating parameters of reactor

— Necessary to obtain optimal product yields

e Investigating effect of reactor tilt angle, biomass
iInlet angle, biomass particle size and inlet gas
distribution
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Methodology

 MFiX PIC Eulerian-Lagrangian Model
— Variable density particle model

o Gidaspow drag model
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\ EgApm dpm

_ {24Re_1(1 + 0.15Re%687)  Re < 1000
b 10.44 Re > 1000

e Herning and Zipperer viscosity model
U, = Z(Hixi\/ﬁi)
7 Z(xi\/ﬁi)
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Di reactor = 5-25 cm < A
Do reactor = 6.03 cm

Hinsul =43.18cm —e
Wipsy =10 cm

Hioa = 43.18 cm
Hjack = 35 cm —e

WjaCk =5cm

A
bed Hstatic =10.16 cm

ered =19cm - Fl: Y VY

Ei feed = ;'gg em Dirif = 0.08 cm
feed = 10.29 CM Wiist =3.17 mm
n=18

= Pgas =90 - 110 kPa

Paps = 101.3 kPa o

Patm =81 kpa
Tamp =300.15 K

Tgas = 298.15 K
ans = 14 SLM

Fieeq = 420 g/hr
Tieed = 298.15 K

Bl e
bed bed = £
—_— L |
Pgas = 110 - 140 kPa } AP =21.17 kPa
Tgas = 773.15 K

Qgas = 14 SLM




Methodology
 Modified Di Blasi kinetic scheme _» Vapor ,
““““ . _ =~ Light Gas
— First order Arrhenius reactions e Bio-oil <_
Biomass Light Gas Char
k = Ae~Ea/RT
- . Char
— Additional reaction to represent — Primary Reactions
moisture desorption — — Secondary Reactions

------ » Devolatilization

e Investigating influence of
operating parameters on

.« . . . . Pre- Activation Heat of
m|X|ng, e|U'|T|C]'I'|Oﬂ Clnd Y|e|ds Reaction Exponent Energy Reaction
Factor [s! kJ/mol kJ/ko

_ BiomOSS parﬂcle Size Biomass - Vapor 5.13x 10¢ 87.9 2700
Biomass = Bio-oil 1.08 x 1010 148

— Reactor filt Biomass > Light gas ~ 4.38 x 107 152.7 20

. . Biomass - Char 3.75x 10¢ 111.7 -20

- Angle of biomass inlet Bio-oil > Light Gas ~ 1.0x 10 108 42

Bio-oil > Char 4.28 x 10° 108 -42

— Inlet gas distribution
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Effect of Reactor Tilt

e Tilting reactor alters dispersion

of biomass particles in reactor
bed

— Increases mixing, devolatilization
rate

* Negligible effect on gas
residence times

- Constant fraction of tar lost
through secondary reactions

e Tilting reactor produces
greater bio-oll yields by
INCreasing mixing, conversion
of biomass
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Effect of Biomass Particle Size

e Increased masss of larger
biomass particles results in
greater residence time

— Almost linear relationship

e Residence time of gas remains
constant as diameter incregases

— Reduces tar fraction lost to
secondary reactions

* Increasing particle diaometer
produces greater tar yield by
INcreasing fraction of biomass
converted and reducing
secondary reactions
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0.20 | 0.59
Effect of Blomass Inlef Angle =
« Angling biomass inlet produces o | ! oss
downward velocity of particles 2 —
INnto reactor § 0.0 | T 1 057
- Induces greater mixing of particles & |
. S
IN t)EB(j 55(105 s T — ] 0.56
e Increased mixing enhances +2‘O”’Yéssl(j‘e'd +$“afY_Y‘|ed'd
devolatilization rate, increases 000 S s 055
H H 0 15 30 45
distance traveled by particles Biomass Inlet Angle [deg]

* Angling biomass inlet increases
conversion of biomass to tar
and gas products by
enhancing mixing and
Increasing devolatilization rate
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Effect of Inlet Gas Distribution 3 -
. >0 -

« Decreasing mass flow of purge é@m -
gas reduces dispersion of Sl T - 1
biomass particles into reactor G . . . { 0557 8
— Reduces mixing é 0.05 —e—Biomass Yield —e—Char Yield

g Gas Yield Tar Yield 0950

* Lower mass flux of cool purge @ | | | -
gas allows for greater 90 2 % % 08
devolatilization rates . Jhuidization

« Total mass flow of gas through  —.
system kept constant Q36 /\ Tur ge
— Constant gas residence fimes - L—

* Inlet gas distribution has 35— M sdiheion
negligible effect on yields Xfluidization

. mfluidization
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Summary

e Investigated influence of operating parameters on mixing and
residence time of biomass particles in bubbling fluidized bed pyrolysis
reactor

— Reactor tilt, particle size, biomass inlet angle and inlet flow distribution

 Influence of reactor tilt and inlet angle on mixing effects
devolatilization rates

— Larger devolatilization rates produce higher conversion rates of biomass

o Greater residence time of larger particles allow for greater conversion
of biomass

e Distribution of mass flow at inlets has negligible influence on product
yields

o Constant gas residence times reduce influence of secondary
reactions on tar yields
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